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O p t i c a l  microscopic  s t u d i e s  reveal t h a t  dur ing  h e a t  S t e r i l i z a t i o n  t h e r e  
i s  no marked co r ros ion  of t h e  n i c k e l  suppor t  s t r u c t u r e  a l though d i s t i n c -  
t i v e  c o l o r  and texture  changes do occur  a t  both e l e c t r o d e s .  
X-ray d i f f r a c t i o n ,  po ros i ty  and pore s i z e  d i s t r i b u t i o n  da ta  i n d i c a t e  
changes occur ing  i n  t h e  morphology o r  c rys t a l log raphy  of t h e  p la tes  
which may adverse ly  a f f e c t  e l e c t r o l y t e  d i s t r i b u t i o n  and lo r  e lec t rochemica l  
e f f i c i e n c y  of t h e  c e l l .  
Seve ra l  s e a l e d  r ec t angu la r  c e l l s  have s u c c e s s f u l l y  passed two h e a t  
s t e r i l i z a t i o n  cyc le s  and have de l ive red  over 70% of the i r  r a t e d  capac i ty .  
However, t h e  charg ing  mode of t h e  hea t  s t e r i l i z e d  cel ls  need t o  be 
optimized t o  avoid excess ive  vo l t age  and p res su re  bui ldup ,  p a r t i c u l a r l y  
dur ing  t h e  f i r s t  few p o s t - s t e r i l i z a t i o n  c y c l e s ,  
Both Pe l lon  polypropylene 14019 and FT 2140 s e p a r a t o r s  w i l l  be  included 
i n  t h e  f a c t o r i a l  experiment owing t o  b e t t e r  un i formi ty  of t h e  former 
and supe r io r  s t r e n g t h  of t h e  l a t t e r ,  Other  important f a c t o r s ,  t o  be  
f u r t h e r  i nves t iga t ed  i n  t h e  f ac to r i a l .  des ign  experiment have been iden- 
t i f  ied.  
S a t i s f a c t o r y  KOH r e s i s t a n t ,  thermally s t a b l e  s e a l  has been developed 
f o r  hea t  s t e r i l i z a b l e  sea l ed  ce l l  s t u d i e s .  
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I. INTRODUCTION 
Th i s  i s  t h e  second q u a r t e r l y  progress  r e p o r t  on t h e  h e a t - s t e r i l i z a b l e '  
nickel-cadmium b a t t e r y  development under Jet Propuls ion  Laboratory Cont rac t  
No. 951972, sponsored under NASA Contract  NAS-7-100, Task Order No. RD-26. 
The o b j e c t  of t h i s  c o n t r a c t  i s  t o  per fwm resea rch  and development work , 
l ead ing  t o  t h e  design,  development, f a b r i c a t i o n  and t e s t i n g  of s ea l ed ,  
rechargeable ,  nickel-cadmium cel ls  capable  of h e a t  s t e r i l i z a t i o n .  
The h e a t  s t e r i l i z a t i o n  requirements  inc lude  t e s t i n g  a t  135OC f o r  t ype  
approval ,  and 125°C t e s t i n g  f o r  f l i g h t  acceptance.  
l i z a t i o n  temperature ,  t h e  h e a t i n g  ra te  i s  19"6/hour. 
a t  t h e  same rate  a t  which it was heated. Two such cyc le s  are requi red .  
For pre l iminary  t e s t i n g  one 120-hour c y c l e  may be  used. 
A t  t h e  135OC s ter i -  
The chamber i s  he ld  
The s p e c i f i c  t a s k s  under t h i s  c o n t r a c t  are d iv ided  i n t o  t h r e e  broad ca t a -  
g o r i e s :  (1) e lec t rochemis t rv  involv ing  s t a t i s t i c a l  and o t h e r  experiments 
f o r  c h a r a c t e r i z i n g  and opt imiz ing  e l e c t r o d e s ,  e l e c t r o l y t e  and s e p a r a t o r s  
f o r  h e a t - s t e r i l i z a b l e  Ni-Cd ce l l ,  ( 2 )  case des ign  f o r  he rme t i ca l ly  sea l ed ,  
h e a t - s t e r i l i z a b l e  c e l l s ,  and ( 3 )  f a b r i c a t i o n  and eva lua t ion  of r ec t angu la r ,  
4 AH s e a l e d  ce l l s  be fo re  and a f t e r  hea t  s t e r i l i z a t i o n .  
The d e t a i l s  of each s p e c i f i c  t a s k  requirement are given i n  t h e  F i r s t  Prog- 
ress Report  and w i l l  no t  b e  repea ted  here .  The work performed under each 
of t h e s e  t a s k s  i s  descr ibed  i n  t h e  fol lowing s e c t i o n s .  
a 1 
/ \  
I Resu l t s  and Discuss ion  
Task I Electrochemical  I n v e s t i g a t i o n s  
1. Separa tor  Opt imiza t ion  
3 
i 
I 
The e v a l u a t i o n  of t h e  t h r e e  b e s t  non-woven polypropylene s e p a r a t o r  
materials s e l e c t e d  dur ing  t h e  f i r s t  q u a r t e r  w a s  cont inued.  These 
t h r e e  s e p a r a t o r s  are Pe l lon  Polypropylene brands 14019, and FT 2140 
and Kendall  brand EM 476. The performance of t h e s e  s e p a r a t o r s  i n  
4 AH p r i s m a t i c  s ea l ed  c e l l s  dur ing  charge-discharge cyc le s  be fo re  
and a f t e r  s t e r i l i z a t i o n  was measured. The e lec t rochemica l  parameters 
measured were: d e l i v e r e d  capac i ty ,  end of charge r e s i s t a n c e ,  end 
of  charge v o l t a g e  and t h e  p o t e n t i a l  of t h e  nega t ive  plate a g a i n s t  
t h e  n i c k e l  can as t h e  a r b i t r a r y  r e fe rence  e l ec t rode .  
Table  1 gives  t h e  performance d a t a  f o r  c e l l s  made wi th  14019 be fo re  
and a f t e r  s t e r i l i z a t i o n .  Table  I1 gives  t h e  performance d a t a  f o r  
FT 2140 and Table  I11 gives  t h e  performance d a t a  f o r  EM 476. 
comparison of t h e  de l ive red  c a p a c i t i e s  and end of charge r e s i s t a n c e  
va lues  b e f o r e  and a f t e r  s t e r i l i z a t i o n  show t h e  14019 brand of poly- 
propylene t o  be s u p e r i o r .  
f u r t h e r  e v a l u a t i o n  of EM 476 is planned. It w i l l  be  noted t h a t  bo th  
t h e  end of charge r e s i s t a n c e  and end of charge v o l t a g e  inc rease  a f t e r  
s t e r i l i z a t i o n .  The h ighe r  end of charge v o l t a g e  is  i n  s m a l l  p a r t  
due t o  h ighe r  r e s i s t a n c e  (ohmic drop) and mostly due t o  increased  
p o l a r i z a t i o n .  I n  o r d e r  t o  determine t h e  c o n t r i b u t i o n  t o  t o t a l  po lar -  
i z a t i o n  by t h e  p o s i t i v e  and nega t ive  e l e c t r o d e ,  t h e  p o t e n t i a l  of 
A 
The next  b e s t  s e p a r a t o r  i s  FT 2140. N o  
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TABLE I 
POLYPROPYLENE SEPARATOR EVALUATIOH- 1. .TYPE 14019 
CELL CAPACITY- U T A  
4 A h  Sealed, P r i s m a t i c  C e l l s ;  C h a r g e d  a t  2 a m p s  f o r  3 hrs  
D i s c h a r g e d  a t  2 a m p s  t o  1.0 V Cut  Off 
1 
2 
3 
4 
5 
6 
7 
8 
PRE-STERILIZATION CYCLING DATA 
CELL CAPACITY. AH, DELIVERED 
2.284 4.166 
4.334 4.218 
4.188 4.016 
4.052 3.966 
4.052 4.000 
4.000 3.984 
3.900 3 .984 
3,934 , 4.000 
POST-STERILIZATION CYCLING DATA 
CELL CAPACITY. AH. DELIVERED 
P R E - S T E R I L I Z A T I O N  CYCLING DATA 
END OF CHARGE RESISTANCE ( m i l l i o h m s l  
POST-STERILIZATION CYCLING DATA 
END OF CHARGE RESISTANCE ( m i l l i o h m s )  
1.50 
1.51  
1.68 
1.68 
1.63 
1.52 
1.73 
L 
* P o w e r  s h u t d o w n  d u r i n g  4th cycle - 4- 
TABLE I ( c o n t i n u e d )  
1.462 
1 .464 
1.439 
1.452 
1.459 
1.469 
1.446 
1.457 
POLYPROPYLENE SEPARATOR E V a U A T I O N  - TYPE 14019 
END OF CHARGE VOLTAGE DATA 
0.023 
0.007 
0.004 
0.004 
0.006 
0.008 
0.004 
I 0.007 
PRE-STERILIZATION CYCLING DATA 
CELL VOLTAGE. VOLTS 
0.823 
0.820 
0.800 
0.773 
0.772 
0.782 
0.765 
0.753 
0.285 
0.247 
0.218 
0.255 
0.265 
0.251 
0.280 
0.293 
POST-  S T E R I L I Z A T I O N  CYCLING DATA 
CELL VOLTAGE. VOLTS 
PRE-STERILIZATION CYCLING DATA 
m G A T I V E  PLATE vs N i  CAN REF. VOLTS 
- 
1 
2 
3 
4 
5 
6 
7 
8 - 
0.206 
0.241 
0.267 
0.203 
0.181 
0.222 
0.140 
0.098 
0.832 
0.862 
0.868 
0.884 
0.886 
0.866 
0.897 
0.856 
0.888 
0,881 
0.885 
0.894 
0.903 
0.889 
0.892 
POST-STERILIZATION CYCLING DATA 
NEGATIVE PLATE vs N i  CAN REF, VOLTS 
* P o w e r  s h u t d o w n  d u r i n g  4th cycle 
TABLE I ( c o n t i n u e d )  
1 
2 
' i   
----- 
2 0 . 8 4  
POLYPROPYLENE-SEPARATOR EVALUATION - TYPE 14019 
SECOND POST-STERILIZATION CYCLING 
3 
4 
3 K  
30.48 
I---.. 
3 
4 
1 ,846  
LP-0" 
I -Io.... I :i 1.838 
NEGATIVE PLATE vs N i  CAN REF. VOLTS 
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TABLE 11 
POLYPROPYLENE SEPARATOR EVALUATION - -TYPE FT-2140 
4 A h  Sea led ,  P r i s m a t i c  C e l l s ;  C h a r g e d  a t  2 a m p s  f o r  3 hrs  
D i s c h a r g e d  a t  2 a m p s  t o  1.0 V C u t  O f f  
- 
1 
2 
3 
4 
5 
6 
7 
8 
' 3.752 
3.752 
3.552 
3.484 
3.518 
3.534 
3.487 
3.284 
4.034 
3.734 
3.518 
3.518 
3.552 
3.500 
3.834 
3.900 
3.700 
3.652 
3.766 
3.800 
3.766 
3.766 
P 
4.084 
4.234 
4.016 
3.800 
3.952 
4.200 
4.200 
4.134 
0.372 
0.234 
0.292 
0.155 
0.255 
0.287 
0.276 
0.257 
POST- S T E R I L I Z A T I O N  CYCLING DATA 
CELL CAPACITY. 4, DELIVERED 
- 
1 
2 
3 
4 
5 
6 
7 
8 
7 
P O S _ T - I ' L _ Z A T I O N  CYCLING DATA 
* Power S h u t d o w n  4th C y c l e  
** C e l l s  2 FTD,  3 FTS also r e m o v e d  f o r  e x a m i n a t i o n  
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TABLE 11 ( c o n t i n u e d )  
POLYPROPYL’ENE SEPAIUTOR.FV&UATION - TYPE FT-2140 
END OF CHARGE VOLTAGE DATA 
PRE- STEBIL IZAT I O N  - CYCLING DATA 
POST- STERILIZATION CYCLING DATA 
PRE-STERILIZATION CYCLING DATA 
NEGATIVE PLATE vs N i  CAN REF. VOJLTS 
POST-STERILIZATION CYCLING DATA 
NEGATIVE PLATE vs N i  CAN REP. VOLTS 
* Power Shutdown 4th C y c l e  
** Cells 1 FTD, 2 FTD, 3 FTS also removed for  P h y s i c a l  T e s t i n g  
TABLE I1 (cont inued)  
\ 
i . j, . 
POLYPROPYLENE-SEPARATOR EVALUATION - TYPE E-2140 
SECOND POST- S T E R I L I Z A T I O N  CYCLING 
END OF CHARGE RESISTANCE ( m i l l i o h m s )  
END OF CHARGE VOLTAGE 
NEGATIVE PLATE vs N i  CAN REF,  VOLTS 
* C y c l e  V1 - 0.500 a m p s  f o r  20 hrs 
R e m a i n i n g  C y c l e s  - C h a r g e  @ 2 amps f o r  3 h r s  
-9 - 

TABLE 111 ( c o n t i n u e d )  
POLYPROPYLENE SEPARATOR EVALUATION - TYPE EM-476 
END OF CHARGE VOLTAGE DATA 
PRE-STERILIZATION CYCLING DATA 
POST- STERILIZATION CYCLING DATA 
0.020 
0.063 
0.074 
0.075 
0.064 
0.035 
0.035 
0.064 
PRE-STERILIZATION CYCLING DATA 
NEGATIVE PLATE vs N i  CAN REF. VOLTS 
1.5Ub 
.226 
1.054 
1.085 
1.653 
1.638 
- 9  41 
.963 
1.120 
1.064 
1.042 
1.182 
1.072 
1.033 
0.296 
0.267 
0.205 
0.213 
0.309 
0.423 
0.224 
0.210 
POST- STERILIZATION CYCLING DATA 
NEGATIVE PLATE vs N i  CAN REP. VOLTS 
Jc Power Shutdown 4 th  C y c l e  
-11- 
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i 
1 
TABLE 111 ( c o n t i n u e d )  
POLYPROPYLENE- SEFWTOR EVALUATIOX - .TYPE EM-47 6 
SECOND POST-STERILIZATION CYCLING 
I C I DELImRED CELL CAPACITY 
NEGATIVE PLATE vs N i  CAN REF. VOLTS 
JC C y c l e  #1 - ,500A f o r  20 H r s .  
Remain ing  C y c l e s  - Charge @ 2amps f o r  3 H r s .  
- 12- 
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t h e  nega t ive  ve r sus  t h e  can as a r b i t r a r y  r e f e r e n c e  p o t e n t i a l  was 
measured. It appears  t h a t  it is  t h e  cadmium (nega t ive )  p l a t e  t h a t  
makes t h e  g r e a t e r  c o n t r i b u t i o n  t o  t h e  h ighe r  p o l a r i z a t i o n  after 
s t e r i l i z a t i o n .  Th i s  may be p a r t l y  due t o  t h e  f a c t  t h a t  dur ing  
s t e r i l i z a t i o n  t h e  excess  f r e e  cadmium metal (charge  adjustment  t o  
make t h e  c e l l  p o s i t i v e  l i m i t e d  dur ing  d ischarge  and t o  i n c r e a s e  oxy- 
gen recombination dur ing  overcharge ) is  oxidrzed and t h i s  i nc reases  
i t s  impedance. Th i s  i s  d iscussed  f u r t h e r  i n  t h e  s e c t i o n  on micro- 
s cop ic  s t u d i e s .  
Some of t h e s e  cells ,  a f t e r  p o s t - s t e r i l i z a t i o n  cyc l ing ,  were sub jec t ed  
t o  a second h e a t  s t e r i l i z a t i o n  cyc le .  Cell  c h a r a c t e r i z a t i o n  follow- 
ing  t h i s  second s t e r i l i z a t i o n  cyc le  i n d i c a t e d  a g r e a t e r  f a i l u r e  
frequency f o r  t h e  cel ls  con ta in ing  14019 s e p a r a t o r  compared t o  cells  
con ta in ing  FT 2140 sepa ra to r .  These d a t a  are a l s o  included i n  Tables  I 
I1 and I11 r e s p e c t i v e l y ,  
of ce l l s  a f t e r  second s t e r i l i z a t i o n  w i l l  be necessary be fo re  making 
a f i n a l  d e c i s i o n  on t h e  s e p a r a t o r  s e l e c t i o n .  Pre l iminary  i n d i c a t i o n s  
are  t h a t  t h e  s h o r t i n g  mode of f a i l u r e ,  a f t e r  second s t e r i l i z a t i o n ,  
i s  much lower w i t h  ce l l s  con ta in ing  FT 2140, This  i s  c o n s i s t e n t  
wi th  b e t t e r  phys i ca l  and mechanical p r o p e r t i e s  of FT 2140. 
f a i l u r e  could a l s o  occur  by t h e  loss  of e l e c t r o l y t e  due t o  any possi’ole 
e l e c t r o l y s i s  of water dur ing  charge,  This  loss of e l e c t r o l y t e  can 
inc rease  t h e  cell r e s i s t a n c e  dur ing  cyc l ing  and reduce capac i ty .  
Fu r the r  work concerning t h e  f a i l u r e  mode 
However, 
It 
i s  i n t e r e s t i n g  t o  no te  t h a t  the ce l l s  con ta in ing  FT 2140 a f t e r  second 
s t e r i l i z a t i o n  d id  not  show as much capac i ty  l o s s  as d id  t h e  cel ls  
-13- 
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wi th  14019 s e p a r a t o r .  
du r ing  and a f t e r  s t e r i l i z a t i o n  i s  under way. 
A thorough a n a l y s i s  of changes i n  t h e  s e p a r a t o r  
2. O p t i c a l  Microscopy of t h e  P l a t e s  
The purpose of t h i s  phase of t h e  i n v e s t i g a t i o n  was t o  determine what 
v i s i b l e  changes occurred i n  t h e  p l a t e s  as a r e s u l t  of h e a t  s te r i l i -  
za t ion .  S ince  n i c k e l  metal is known t o  corrode i n  a l k a l i n e  media 
according t o  t h e  r e a c t i o n :  
N i  + 20H- -43 N i ( O H ) 2  + 2e- 
both t h e  n i c k e l  mesh and s i n t e r e d  n i c k e l  are s u b j e c t  t o  a t t a c k .  I n  
f a c t  du r ing  t h e  manufacturing process  of t h e  p o s i t i v e  p l a t e  a no t i ce -  
a b l e  p ropor t ion  of t h e  n i c k e l  s i n t e r  is a t t a c k e d ,  
a c c e l e r a t e d  by temperature  and thus  t h e  h e a t  s t e r i l i z a t i o n  process  
( wi th  t h e  p o s i t i v e  and nega t ive  e l e c t r o d e s  s h o r t  c i r c u i t e d )  may 
cause a f u r t h e r  a t t a c k  of t h e  s u b s t r a t e .  The consequence of t h e  
c o r r o s i o n  of t h e  n i c k e l  support  s t r u c t u r e  would b e  a loss of s t r e n g t h  
of t h e  plate  and l o s s  of some e l e c t r o n i c  conduc t iv i ty  and con tac t  
r e s u l t i n g  i n  h ighe r  r e s i s t a n c e  and lower u t i l i z a t i o n  of active mater- 
i a l  (loss i n  c a p a c i t y ) .  
This  r e a c t i o n  i s  
To determine t h e s e  p o s s i b l e  e f f e c t s ,  both t h e  p o s i t i v e  and nega t ive  
plates were examined i n  v a r i o u s  s t a g e s :  
1. as rec i eved  from t h e  manufacturing process  
2. a f t e r  c y c l i n g  i n  a s e a l e d  ce l l  
3 .  a f t e r  h e a t  s t e r i l i z a t i o n  
e 14- 
4.  a f t e r  heat s t e r i l i z a t i o n  and c y c l i n g  i n  a s e a l e d  ce l l  
I n  F igu res  I through 4 t h e  f u l l  c ros s  sec t ionso f  t h e  p o s i t i v e  and 
nega t ive  p l a t e s  are shown. These views inc lude :  
1. t h e  l o n g i t u d i n a l  and c r o s s  s e c t i o n a l  areas of t h e  woven 
n i c k e l  mesh support  
2.  t h e  s i n t e r e d  n i c k e l  s u b s t r a t e  (white areas) 
3.  t h e  porous active material (gray  and b l ack  areas) 
There are v i s i b l e  changes shown i n  t h e s e  f i g u r e s  notab ly  i n  t h e  
p o s i t i v e  e l e c t r o d e .  
material undergoes s e v e r a l  t ransformat ions .  A f t e r  s t e r i l i z a t i o n  
t h e  p o s i t i v e  ( n i c k e l  oxide)  p l a t e  has  a blue-gray c o l o r a t i o n  (appears  
gray i n  t h e  photo-micrographs) as opposed t o  t h e  normal b l ack  c o l o r ,  
The negat ive  (cadmium) e l e c t r o d e  a l s o  undergoes a change i n  co lora-  
t i o n  from a dark t o  a l i g h t  gray. These c o l o r ,  shade and texture 
changes are  more r e a d i l y  v i s i b l e  i n  F igures  5 through 8 which were 
t aken  a t  a h igher  magni f ica t ion .  These f i g u r e s  (1 through 8) show 
no apprec iab le  loss i n  t h e  n i c k e l  s in te r  s t r u c t u r e  through cor ros ion .  
The t e x t u r e  and c o l o r i n g  of t h e  p o s i t i v e  a c t i v e  
S ince  co r ros ion  q u i t e  o f t e n  occurs  a t  g r a i n  boundaries ,  t h e s e  samples 
were e tched  t o  show t h e  mic ros t ruc tu re  of t h e  n i c k e l  wire g r id .  
Photographs of t h e s e  samples are shown i n  F igu res  9 through 12. 
i s  some evidence of g r a i n  boundary a t t a c k  of t h e  w i r e  as shown i n  
F igure  9. This  s l i g h t  i n t e r g r a n u l a r  co r ros ion  occurred i n  t h e  manu- 
f a c t u r i n g  process  but  t h e r e  i s  no f u r t h e r  co r ros ion  of t h e  g r i d  both  
There 
be fo re  and a f t e r  t h e  hea t  s t e r i l i z a t i o n  cyc le .  
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FIGURE 1 
AS MANUFACTURED 
POS 68 MAGl l O O X  
AS POLISHED 
MEG 85 MAG. l O O X  
AS POLISHED 
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CYCLER PRE-STERI LIZED 
POS 68 l O O X  MAG, 
AS POLISHED 
NEG 85 1OOX MAG, 
AS POLISHED 
-17- 
, 
i 
1 
FIGURE 3 
STERILIZED 
POS 68 l O O X  MAG8 
AS POLISHED 
NEG ,85 l O O X  MAG, 
AS POLISHED 
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FIGURE 4 
STERILIZED 8 CYCLED 
i 
I 
NEG 85 500 X MAG8 
AS POLISHED 
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FIGURE 5 
AS MA~UFACTURED 
! 
AS POLISHED 
POS 68 MAG, 2 5 0 X  
AS POLISHED 
NEG 85 MAG. 2 5 0 X  
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POS 68 250X MAG. 
AS POLISHED 
EG 85 250X MAG, 
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FIGURE 7 
STERILIZED 
POS 68 250X MAG8 
AS POLISHED 
NEG 85 250X MAGe 
AS POLISHED 
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FIGURE 8 
STERILIZED & CYCLED 
POS 68 250X MAG. 
AS POLISHED 
NEG 85 250X MAG, 
AS POLISHED 
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IGURE 9 
AS ~ A ~ U F A C T ~ R E D  
- \  
i 
d 
POS 68 MAG, l O O X  
ETCHED 
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FIGURE 10 
-~ ~ 
CYCLED P R E - ~ ~ ~ R I L I Z E D  
POS 68 l O O X  MAGl 
ETCHED 
NEG 85 LOOX MAGl 
ETCHED 
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FIGURE II 
STERILIZED 
POS 68 l O O X  MAG, 
ETCHED 
NEG 85 l O O X  MAG, 
ETCHED 
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FIGURE 12 
STERILIZED & CYCLED 
POS 68 l O O X  MAG, 
ETCHED 
NEG 85 1OOX MAG, 
ETCHED 
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Thus o p t i c a l  microscopic  s t u d i e s  have shown t h a t  t h e r e  i s  no appre- 
c i a b l e  a t t a c k  on t h e  n i c k e l  g r i d  o r  n i c k e l  s i n t e r  s u b s t r a t e  as a 
r e s u l t  of t h e  hea t  s t e r i l i z a t i o n  process .  A l s o ,  t h e  c o l o r ,  shade 
and t e x t u r e  changes which occur i n  both  t h e  p o s i t i v e  and nega t ive  
e l e c t r o d e s  are v i s i b l e .  
These changes are  be l i eved  t o  be  morphological i n  n a t u r e  and w i l l  
be c o r r e l a t e d  wi th  t h e  o t h e r  phys i ca l  and chemical d a t a  obtained.  
3. Poros i ty  and Pore S i z e  D i s t r i b u t i o n  
The we t t ing  ( c a p i l l a r i t y )  and e l e c t r o l y t e  r e t e n t i o n  p r o p e r t i e s  of 
porous materials ( e .g .  b a t t e r y  p l a t e s )  are a f f e c t e d  by: (1) t h e  
w e t a b i l i t y  of t h e  s u r f a c e  ( i n h e r e n t  proper ty  of t h e  material); 
( 2 )  t h e  t o t a l  po ros i ty ;  and ( 3 )  t h e  pore s i z e s  ( d i s t r i b u t i o n ) .  
Both po ros i ty  and pore s i z e  d i s t r i b u t i o n  of p o s i t i v e  and nega t ive  
plates were determined a t  t h e  s e v e r a l  s t a g e s  prev ious ly  mentioned. 
An Aminco-Winslow mercury porosfmeter,  Model No, 5-7118 was used f o r  
t h e s e  de te rmina t ions .  A summary of the poros i ty  d a t a  i s  shown i n  
Table  I V .  
TABLE I V  
Poros i ty  of Dry P o s i t i v e  and Negative P l a t e s  
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These d a t a  i n d i c a t e  t h e r e  are measurable changes i n  t h e  po ros i ty  
of t h e  p o s i t i v e  p la te ,  whereas t h e  po ros i ty  of t h e  nega t ive  p l a t e  i s  
e s s e n t i a l l y  unchanged, under t h e  cond i t ions  s tud ied ,  I n  a d d i t i o n ,  
h e a t  s t e r i l i z a t i o n  causes  a marked and appa ren t ly  i r r e v e r s i b l e  change 
i n  t h e  pore s i z e  d i s t r i b u t i o n  of t h e  p o s i t i v e  plate. These d a t a  are 
shown i n  F igures  13 and 14. 
t h e  pores  are one micron o r  less. 
z a t i o n  does not  r e s t o r e  t h e  o r i g i n a l  ( p r e - s t e r i l i z a t i o n )  pore diameter  
d i s t r i b u t i o n  of the p o s i t i v e  plate.  
A f t e r  s t e r i l i z a t i o n ,  t h e  ma jo r i ty  of 
Continued c y c l i n g  a f t e r  s te r i l i -  
Independent s t u d i e s  conducted i n  t h e s e  l a b o r a t o r i e s  i n d i c a t e  t h a t  
i n  b a t t e r y  plates pores  wi th  very small diameters  do no t  e f f e c t i v e l y  
p a r t i c i p a t e  i n  e lec t rochemica l  r eac t ions .  Thus a s h i f t  t o  a l a r g e r  
number of very small pores ,  may cause a loss  i n  useable  capac i ty  of 
a p l a t e .  The change i n  pore diameter  d i s t r i b u t i o n  a l s o  a f f e c t s  t h e  
c a p i l l a r i t y  of t h e  p o s i t i v e  p l a t e ,  which can a l te r  t h e  e l e c t r o l y t e  
r e t e n t i o n  of t h e  p l a t e  and cause  a s h i f t  i n  e l e c t r o l y t e  distribution 
throughout t h e  cel l .  
One may t h e r e f o r e  hypothes ize  a f a i l u r e  mode f o r  h e a t  s t e r i l i z e d  
c e l l s  according t o  t h e  fo l lowing  scheme. 
(1) t h e  average  pore s i z e  of the p o s i t i v e  p l a t e  decreases  dur ing  
s t e r i l i z a t i o n  and may hold less e l e c t r o l y t e  even though poros i ty  
may inc rease  somewhat. 
(2 )  t h e  capac i ty  of the p o s i t i v e  p l a t e  decreases  due t o  e l e c t r o l y t e  
l i m i t a t i o n .  The cadmium p l a t e  absorbs some of t h e  e l e c t r o l y t e  
r e j e c t e d  by t h e  p o s i t i v e  p l a t e  i n  t h e  sea l ed  ce l l .  
-29- 
-30- 
d 1 
i 
i 
I 
I 
L' 
I 
I 
f 
s i n c e  p o s i t i v e  capac i ty  f a l l s ,  t hen  f o r  a g iven  coulombic charge 
inpu t  (e .g .  5 ampere-hours) a g r e a t e r  p ropor t ion  of oxygen gas  i s  
evolved. 
S ince  t h e  cadmium p l a t e  has  absorbed a d d i t i o n a l  e l e c t r o l y t e  i t s  
oxygen recombination rate i s  lowered, s i n c e  recombination ra te  
i s  c o n t r o l l e d  predominantly by oxygen d i f f u s i o n  through t h e  
e l e c t r o l y t e  f i lm .  
t h i s  r e s u l t s  i n  a r a p i d  bui ldup  of oxygen gas dur ing  overcharge.  
under t h e s e  cond i t ions  t h e  nega t ive  (cadmium) e l e c t r o d e  can 
evolve  hydrogen gas ,  p a r t i c u l a r l y  i f  excess cadmium hydroxide 
i s  not  a c c e s s i b l e  f o r  r educ t ion  dur ing  cons t an t  c u r r e n t  charging.  
This  hypothes is  i s  v a l i d  even i f  t h e r e  are no changes i n  t h e  po ros i ty  
o r  pore diameter  d i s t r i b u t i o n  of t h e  nega t ive  p l a t e .  
p resented  i n  F igures  15 and 16  i n d i c a t e  c e r t a i n  s h i f t s  i n  t h e  pore 
s ize  d i s t r i b u t i o n  of t h e  nega t ive  p la te  occurs  dur ing  hea t  s te r i l i -  
za t ion .  
( a f t e r  s t e r i l i z a t i o n )  t h e  pore s i z e  d i s t r i b u t i o n  appa ren t ly  r e t u r n s  
t o  i t s  o r i g i n a l  ( p r e - s t e r i l i z a t i o n )  values .  
The d a t a  
These changes are appa ren t ly  r e v e r s i b l e  and upon cyc l ing  
To v e r i f y  t h e  above hypothes is ,  f u r t h e r  s t u d i e s  concerning t h e  e l ec -  
t r o l y t e  r e t e n t i o n  by the s e p a r a t o r s  and t h e  plates be fo re  'and 
a f t e r  h e a t - s t e r i l i z a t i o n  are now i n  progress .  
ment of t h e  oxygen-free and hydrogen-free c a p a c i t i e s  of p l a t e s  p r i o r  
t o  and subsequent t o  heat s t e r i l i z a t i o n  is  planned f o r  t h e  next  
q u a r t e r .  
I n  a d d i t i o g  measure- 
-32- 
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4. X-Rav D i f f r a c t i o n  
i 
X-ray d i f f r a c t i o n  spectra were taken  of p o s i t i v e  and negat ive  elec- 
t r o d e s  a t  va r ious  s t a g e s  (of  cond i t ion )  prev ious ly  mentioned, Spec t r a  
were t aken  us ing  a Norelco d i f f r a c t o m e t e r  Model No. 5-21OM. The 
scan  r a t e  f o r  t h e s e  i n i t i a l  runs  was 2 degrees  p e r  minute us ing  C u K H  
r a d i a t i o n .  
are presented  i n  Table  V. 
t o  va lues  a v a i l a b l e  i n  t h e  l i t e r a t u r e .  
The major peaks and relative i n t e n s i t i e s  of t h e s e  s p e c t r a  
These d a t a  are be ing  analyzed and compared 
A pre l iminary  a n a l y s i s  of t h e  d a t a  shown i n  Table  V r e v e a l s  changes 
i n  bandwidth, i n t e n s i t y  and s l i g h t  s h i f t i n g  i n  some r e f l e c t i o n  peaks 
i n d i c a t i n g  t h a t  c r y s t a l l o g r a p h i c  o r  morphological changes occur  i n  
both p o s i t i v e  and negat ive  p l a t e s  as a r e s u l t  of t h e  h e a t  s t e r i l i -  
z a t i o n  process .  
t aken  a f t e r  s t e r i l i z a t i o n  and subseauent c y c l i n g  i s  similar t o  
spectra obta ined  be fo re  hea t  s t e r i l i z a t i o n .  Th i s  i n d i c a t e s  t h a t  
dur ing  cyc l ing  a f t e r  s t e r i l i z a t i o n  t h e  c rys t a l log raphy  o r  morphology 
of t h e  p o s i t i v e  p l a t e  r e t u r n s  t o  i t s  o r i g i n a l  s tate ( i . e . ,  b e f o r e  
h e a t  s t e r i l i z a t i o n ) .  The same e f f e c t  i s  no t  apparent  i n  t h e  nega- 
t i v e  e l e c t r o d e  s i n c e  s p e c t r a  obta ined  a f t e r  c y c l i n g  fo l lowing  t h e  
s t e r i l i z a t i o n  process  r e t a i n  many of t h e  i n t e n s i t y  and bandwidth 
changes c h a r a c t e r i s t i c  of t h e  p o s t - s t e r i l i z a t i o n  spectra, There- 
f o r e  hea t  s t e r i l i z a t i o n  produces long t e r m  c r y s t a l l o g r a p h i c  changes 
However t h e  x-ray spectrum of t h e  p o s i t i v e  plate  
i n  t h e  nega t ive  e l e c t r o d e  which may i m p a i r  i t s  e lec t rochemica l  
e f f i c i e n c y .  
Fu tu re  work inc ludes  cont inued a n a l y s i s  of t h e s e  and o t h e r  necessary 
spec t r a .  
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TABLE V 
X-RAY .DIFFRACTLON DATA - NEGATIVE PLATES 
' 1  
28 = R e f l e c t i o n  ang le ,  I = R e l a t i v e  i n t e n s i t y ,  B.W. = Band width a t  112 I 
* f o r  example i n d i c a t e s  double t  
35.2 
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TABLE V (cont inued)  
i 
I 
i 
i ' "I 
I 
X-RAY DIFFRACTION- DATA ,- FEGATIVE PLATES 
X-RAY DIFFRACTION DATA - POSITIVE PLATES 
28 = R e f l e c t i o n  angle ,  I = R e l a t i v e  i n t e n s i t y ,  B.W. = Band width  a t  112 I 
JC 76.2 
76.4 f o r  example i n d i c a t e s  double t  
-37-  
5. Other Testing; 
‘ I  
I 
C h a r a c t e r i z a t i o n  of h e a t  s t e r i l i z e d  p l a t e s  u s ing  e l e c t r o n  microscopy 
and B.E.T. ( s u r f a c e  area) methods were i n i t i a t e d  t h i s  q u a r t e r .  Due 
t o  t h e  rough and porous na tu re  of b a t t e r y  p l a t e s ,  s p e c i a l  techniques 
have t o  be developed f o r  t h e  e l e c t r o n  microscopic  examinations.  
B.E.T. ( s u r f a c e  area) measurements normally r e q u i r e  t h a t  samples 
be  prepared by h e a t i n g  (above 100°C) f o r  s e v e r a l  hours under vacuum 
( ~ 5 0  microns o r  less) .  Heat ing of b a t t e r y  plates t o  these tempera- 
t u r e s  would cause ( a )  some decomposition and/or  106s of water and 
subsequent change i n  s t r u c t u r e  and (b )  s imula t ion  of a s t e r i l i z a t i o n  
process  so t h a t  p r e - s t e r i l i z a t i o n  c h a r a c t e r i s t i c s  of t h e  plates could 
not  be  a c c u r a t e l y  measured, 
c y c l e  f o r  p l a t e s  was developed and w i l l  be used next  q u a r t e r  f o r  t h e  
de te rmina t ion  of B.E.T. s u r f a c e  areas on both  p o s i t i v e  ( n i c k e l )  and 
negat ive  (cadmium) plates. 
During t h i s  q u a r t e r  a precondi t ion ing  
-38- 
6 .  Planning and S e l e c t i o n  of F a c t o r s  f o r  t h e  Desipn of S t a t i s t i c a l  ExDeriments 
One of t h e  t a s k s  i n  t h e  development of s a t i s f a c t o r y  h e a t  s t e r i l i z a b l e ,  
s ea l ed  Ni-Cd b a t t e r y  i s  t o  perform planned s t a t i s t i ca l  s t u d i e s  t o  determine 
t h e  e f f e c t s  of t h e  fol lowing v a r i a b l e s  on t h e  ce l l  performance. 
A. 
B.  
C .  
D. 
E. 
Concentrat ion of KOH ( 2  l e v e l s )  
Addit ion of L i +  N a +  and B i W  ions and s u r f a c t a n t s  ( 2  t y p e s )  t o  
t h e  e l e c t r o l y t e  
Addit ion of T1+ and In* ions t o  t h e  nega t ive  p l a t e  
Addit ion of Co* ions t o  t h e  p o s i t i v e  p la te  
Various s e p a r a t o r s  ( 2  l e v e l s )  
Assuming only two l e v e l s  of e l e c t r o l y t e  c o n c e n t r a t i o n  and, two types of 
s e p a r a t o r  material, a two leve l  of f a c t o r i a l  experiment w i th  only two cel ls  
of each kind (one c o n t r o l ,  one f o r  s t e r i l i z a t i o n )  w i t h  t h e  twelve f a c t o r s  
l i s t e d  above would r e q u i r e  over 4,000 ce116. , .  I This  does not  i nc lude  
t h e  important des ign  f a c t o r s  such as t h e  amount,of e l e c t r o l y t e  (% pore f i l l ) ,  
t h e  charge adjustment on t h e  nega t ive  [Cd:Cd(OH);! r a t i o ]  o r  t h e  r a t i o  of 
t h e  t o t a l  cadmium t o  n i c k e l  hydroxide and ce l l  geometry f a c t o r s .  It i s  t h e r e -  
f o r e  necessary t o  s c r e e n  t h e  e f f e c t s  of many of t h e s e  v a r i a b l e s  i n  prel iminary 
sc reen ing  experiments,  so t h a t  t h e  v a r i a b l e s  showing very s i g n i f i c a n t  and 
r ep roduc ib le  e f f e c t s  can be inco rpora t ed  i n  t h e  f i n a l  f a c t o r i a l  experiments. 
A meaningful f a c t o r i a l  experiment r e q u i r e s  a f a i r l y  a c c u r a t e  knowledge of 
t h e  experimental  e r r o r  and a h igh  degree of r e p r o d u c i b i l i t y  of cells .  T I  
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Pr i sma t i c  product ion cells, based upon non-woven nylon (polyamide) s e p a r a t o r  
material have achieved a. h igh  degree of r e p r o d u c i b i l i t y  and uniformity.  
However nylon s e p a r a t o r  thermal ly  decomposes and/or  d i s s o l v e s  i n  KOH dur ing  
the h e a t  s t e r i l i z a t i o n  t reatment .  Before cons ider ing  t h e  f a c t o r i a l  exper i -  
ment any f u r t h e r ,  i t  is  necessary t o  f u l f i l l  the fo l lowing  requirements  f o r  
h e a t - s t e r i l i z a b l e ,  s ea l ed  Ni-Cd cells:  
1. E s t a b l i s h  t h e  r e p r o d u c i b i l i t y  and uni formi ty  of cel ls  w i t h  hea t -  
s t e r i l i z a b l e  polypropylene s e p a r a t o r s ,  Both P e l l o n  14019 and FT 2140 
show f a i r l y  good r e p r o d u c i b i l i t y  and uni formi ty  i n  t h e  i n i t i a l  
experiments w i t h  p r i s m a t i c  ce l l s .  C y l i n d r i c a l  c e l l s  used i n  t h e  
i n i t i a l  s c reen ing  tests wi th  t h e s e  s e p a r a t o r s  have not  e x h i b i t e d  
the r equ i r ed  degree of uniformity and s i n c e  t h e  c o n t r a c t  r equ i r e -  
ments s p e c i f y  p r i s m a t i c  c e l l s ,  no f u r t h e r  work wi th  c y l i n d r i c a l  
c e l l s  is planned. 
2. A h e a t  s t e r i l i z a b l e  seal t h a t  w i l l  wi ths tand  co r ros ive  and e l e c t r o -  
chemical environments and a l s o  main ta in  i t s  he rme t i c i ty  dur ing  
t h e  h e a t  s t e r i l i z a t i o n  t rea tment  and t h e  cyc l ing  requirements .  
Glass t o  metal seals coated wi th  s e v e r a l  l a y e r s  of cured KEL-F 
wi ths tand  t h e s e  cond i t ions  s a t i s f a c t o r i l y  and t h i s  seal i s  the re -  
f o r e  selected f o r  t h e  f a c t o r i a l  expetiments.  
3.  Development of a r ep roduc ib le  h e a t - s t e r i l i z a b l e ,  he rme t i ca l ly  
sea l ed  s t anda rd  cell_ ( c o n t r o l  c e l l )  a g a i n s t  which f u r t h e r  develop- 
ment and progress  can be measured. This  r e q u i r e s ,  i n  a d d i t i o n  
t o  t h e  s a t i s f a c t o r y  s e p a r a t o r  and seal  development s t a t e d  above, 
t h e  de te rmina t ion  and c o n t r o l  of  t h e  fo l lowing  c e l l  v a r i a b l e s :  
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A. Can material, s t a i n l e s s  steel and s ize  as descr ibed  i n  t h e  f i r s t  
q u a r t e r l y  progress  r e p o r t .  
B. Elec t rode  p l a t e  s i z e  and numbers of p o s i t i v e  and nega t ive  plates 
p e r  c e l l  as r epor t ed  i n  Task I1 of th i s .pgogres s . . r epor t .  * 
C. E l e c t r o l y t e  concen t r a t ion  (30% KOH). 
D. Amount of e l e c t r o l y t e  f o r  optimum capacity,  r e s i s t a n c e  and oxygen 
recombination rates dur ing  overcharge.  
E. Geometrical  f a c t o r s ,  p a r t i c u l a r l y  c o r e  compression which has  an  
e f f e c t  on d e l i v e r e d  capac i ty ,  r e s i s t a n c e  and rates of recombina- 
t i o n ,  o f oxygen. 
F. C e l l  assembly ( f a b r i c a t i o n )  procedure t o  g ive  a h igh ly  r e l i a b l e ,  
h igh  q u a l i t y  c e l l .  
Var iab les  A, B, C, and F are now e s s e n t i a l l y  f i x e d  as indica ted .  
based upon our  earlier s t u d i e s  and t h e  r e s u l t s  obtained dur ing  t h i s  c o n t r a c t  
work. 
t i o n  and t e s t i n g .  
mum e l e c t r o l y t e  amount f o r  h igh  capac i ty ,  low r e s i s t a n c e  and h igh  oxygen 
recombination ra te  dur ing  overcharge.  P r i sma t i c  ce l l s  w i t h  vary ing  amounts 
(60%, 70%, 80%, 90% of f r e e  pore volume) have been f a b r i c a t e d  and are under 
test  now. I n  a d d i t i o n  t o  capac i ty ,  v o l t a g e  and r e s i s t a n c e  da t a ,  rate of 
p re s su re  i n c r e a s e  dur ing  charge and the rate of p re s su re  decay dur ing  s t and  
are obta ined  t o  g e t  t h e  ra te  cons t an t  f o r  oxygen recombination w i t h  va r ious  
% pore f i l l s .  
r e p o r t .  
Th i s  i s  
C e l l  assembly procedure is  descr ibed  under t h e  t a s k  on c e l l  f a b r i c a -  
Work i s  now i n  progress  on i t e m  D t o  determine t h e  o p t i -  
These d a t a  w i l l  be  presented i n  t h e  next  q u a r t e r l y  progress  
Narrowing down o t h e r  f a c t o r s  f o r  t h e  s ta t i s t ica l  experiments:  
"1 
J 
1 
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Thallium I o n  Addit ion t o  t h e  Negative P l a t e  
It was o r i g i n a l l y  planned t o  i n c o r p o r a t e  t h a l l i u m  hydroxide i n  t h e  n e g a t i v e  
p l a t e  t o  improve i t s  performance c h a r a c t e r i s t i c s .  The idea of us ing  
t h a l l i u m  i o n  a d d i t i o n  was a l o g i c a l  follow-up o f  t h e  indium ion  a d d i t i o n  
which has  been desc r ibed  by o t h e r  workers as having a b e n e f i c i a l  e f f e c t  
on t h e  n e g a t i v e  p l a t e  p r o p e r t i e s  s i n c e  t h a l l i u m  ( A t .  No. 81)  i s  t h e  next  
element i n  t h e  family o f  similar elements G a ,  I n ,  T1.  However, t h e  
primary requirement i n  t h e  a d d i t i o n  of i o n s  t o  p o s i t i v e  o r  n e g a t i v e  
p l a t e s  i s  t h a t  t h e  hydroxide o f  t h e  metal ion  t o  be added should be 
h i g h l y  i n s o l u b l e ,  Any a p p r e c i a b l e  s o l u b i l i t y  o f  t h e - m e t a l  hydroxide i n  
t h e  n e g a t i v e  p l a t e  could r e s u l t  i n  s h o r t i n g  by t h e  p l a t i n g  o f  d i s so lved  
metal i o n s  d u r i n g  charging sequence. 
b i l i t y  o f  t h e  t h a l l i u m  hydroxide was t h e r e f o r e  undertaken. 
hens ive  Treatise on Ino rgan ic  and T h e o r e t i c a l  ChemiGtry" by Mellor,  
A l i t e r a t u r e  search of t h e  solu-  
"A Compre- 
Vol.  5 ,  page 431, g i v e s  t h e -  fol lowing d a t a  f o r  t h e  s o l u b i l i t y  o f  
t h a l l i u m  hydroxide i n  water as a f u n c t i o n  o f  temperature:  
S o l u b i l i t y  (grams/liter) of TlOH i n  Water 
Temp('C) 0 18.50 29.00 32.10 40.0 54,30 78.5 99,5 
S ( g / l )  25.44 34.44 39.85 41.14 49.5 64.97 103.3 148,3 
The aqueous s o l u t i o n  of t h a l l i u m  hydroxide i s  s t r o n g l y  a l k a l i n e .  
Because of  t h e  r e l a t i v e l y  high s o l u b i l i t y  of t h e  t h a l l i u m  hydroxide 
i t s  a d d i t i o n  t o  t h e  n e g a t i v e  p l a t e  i s  n o t  expected t o  have any permanent 
b e n e f i c i a l  e f f e c t  s i n c e  as soon as it is  ox id ized  d u r i n g  t h e  d i scha rge  
cyc le ,  it w i l l  d i s s o l v e  o u t  i n  t h e  b a t t e r y  e l e c t r o l y t e .  For t h i s  reason,  
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i t  i s  decided not  t o  inc lude  thallium ion  a d d i t i o n  i n  t h e  f a c t o r i a l  
experiment bu t  determine i t s  e f f e c t  i n  i n i t i a l  s c reen ing  experiments.  
Indium Ion  Addit ion t o  t h e  Negative P l a t e  
Spec ia l  nega t ives  impregnated wi th  a s o l u t i o n  of 5% indium n i t r a t e  
added t o  t h e  s tandard  cadmium n i t r a t e  impregnation l i q u o r  w i l l  b e  
compared a g a i n s t  t h e  nega t ives  not  con ta in ing  any indium i n  pre l iminary  
screening  experiments.  I f  indium ion  a d d i t i o n  i s  found t o  have per -  
manent b e n e f i c i a l  e f f e c t  on t h e  performance of the negat ive  p la te ,  it 
w i l l  be incorpora ted  i n  f r a c t i o n a l  f a c t o r i a l  experiment.  A pre l iminary  
review of l i t e r a t u r e  does i n d i c a t e  b e n e f i c i a l  e f f e c t  of indium ion  
a d d i t i o n  t o  t h e  nega t ive  p l a t e  under c e r t a i n  condi t ions .  
Cobal t  I o n  Addi t ion  t o  t h e  P o s i t i v e  P l a t e  
Spec ia l  p o s i t i v e  p l a t e s  impregnated wi th  a s o l u t i o n  of 5% by weight 
of coba l t  n i t r a t e  added t o  t h e  s t anda rd  n i c k e l  n i t r a t e  impregnation 
l i q u o r  w i l l  be  compared a g a i n s t  t h e  p o s i t i v e s  not  con ta in ing  any c o b a l t  
i n  pre l iminary  experiments.  I f  c o b a l t  i on  is found t o  have permanent 
b e n e f i c i a l  e f f e c t  on t h e  performance of t h e  p o s i t i v e  plate,  it w i l l  
be i n v e s t i g a t e d  f u r t h e r .  
w e  have inves t iga t ed  t h e  e f f e c t  of c o b a l t  a d d i t i o n .  I ts  main e f f e c t ,  
under t h e  condi t ions  of our  f a c t o r i a l  experiment was t o  enhance t h e  
c o r r o s i o n  of t h e  s i n t e r  and thereby  inc rease  t h e  capac i ty .  However 
t h e  co r ros ion  of t h e  s i n t e r  weakens t h e  suppor t  mechanically and may 
a l s o  i n c r e a s e  i t s  r e s i s t a n c e .  There is a l a r g e  amount of work on 
c o b a l t  a d d i t i o n  r epor t ed  i n  t h e  l i t e r a t u r e  and t h i s  i s  being c o l l e c t e d  
I n  t h e  p a s t ,  i n  some company funded programs, 
and reviewed now. 
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Bismuth Ion  Addit ion t o  t h e  E l e c t r o l y t e  
i 
I 
i. 1 
Appreciable  s o l u b i l i t y  of the bismuth hydroxide i n  t h e  potassium hy- 
droxide e l e c t r o l y t e  is a p r e - r e q u i s i t e  f o r  s tudying  t h e  e f f e c t  of b i s -  
muth ion  on t h e  performance of s ea l ed  Ni-Cd c e l l s .  
S o l u b i l i t y  d a t a  f o r  bismuth hydroxide i n  KOH s o l u t i o n s  r epor t ed  by 
S e i d e l l  i n  “ S o l u b i l i t i e s  of  Inorganic  and Metal Organic Compounds”, 
Volume 1, page 437 are given below. The concen t r a t ion  of KOH i n  terms 
of grams of KOH p e r  l i t e r  r epor t ed  by S e i d e l l  i s  converted t o  molar i ty  
f o r  easy comparison wi th  Ni-Cd b a t t e r y  e l e c t r o l y t e .  
I I I I I I I I 
These d a t a  show t h a t  a t  room temperature  i n  6 t o  8 molar KOH, t h e  sol-  
u b i l i t y  i s  only about (0.137)(100)/(1000)(1.37)g/cc or  0.01 p e r  cen t .  
This  maximum amount of bismuth ion  t h a t  can be  incorpora ted  i n  t h e  
e l e c t r o l y t e  a p p e a r s  t o  be t o o  low t o  have any permanent b e n e f i c i a l  
e f f e c t  on t h e  performance of Ni-Cd cel ls .  The e f f e c t  of trace q u a n t i t i e s  
of bismuth hydroxide a d d i t i o n  t o  the e l e c t r o l y t e  w i l l  be  i n v e s t i g a t e d  
i n  separate s m a l l  experiments ,  
E l e c t r o l v t e  Concent ra t ion  E f f e c t  and Addit ion of L i +  and Na+ Ions 
Previous exper ience  i n  our l abora to ry  and some publ ished d a t a  i n d i c a t e  
t h a t  t h e  fo l lowing  e l e c t r o l y t e  concen t r a t ions  and a d d i t i v e s  should b e  
f u r t h e r  i n v e s t i g a t e d  f o r  t h e i r  e f f e c t  on h e a t  s t e r i l i z a b l e  b a t t e r y  
performance : 
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1. KOH e l e c t r o l y t e  concen t r a t ions ,  30 and 34 weight per  c e n t , ,  
2. Binary e l e c t r o l y t e  wi th  24% KOH con ta in ing  2 0 g / l i t e r  of 
1 i th ium hydroxide . 
3. Binary e l e c t r o l y t e  wi th  24% KOH con ta in ing  48 grams per  l i t e r  
of sodium hydroxide,  
The des ign  of f a c t o r i a l  experiments with f a c t o r s  and l e v e l s  s e l e c t e d ,  
through pre l iminary  f r a c t i o n a l  f a c t o r i a l  experiments ,  i n  underway now. 
L i t e r a t u r e  Review: 
I n  o rde r  t o  t a k e  f u l l  advantage of  t h e  publ ished l i t e r a t u r e  on t h e  
e f f e c t s  of t h e  above f a c t o r s  on t h e  performance of s ea l ed  nickel-cad-  
m i u m  ce l l s ,  a comprehensive review of t h e  s u b j e c t  is undertaken and 
w i l l  be presented  i n  t h e  next  q u a r t e r l y  r e p o r t .  
i n  t h e  l i t e r a t u r e  w i l l  be  compared and c o r r e l a t e d  wi th  t h e  d a t a  ob- 
The e f f e c t s  r epor t ed  
t a ined  dur ing  t h i s  c o n t r a c t  work. 
b e  incorpora ted  i n t o  t h e  des ign  of f i n a l  cel ls ,  
The effects found s i g n i f i c a n t  w i l l  
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Tasks, 11 and 111: C e l l  Case. F a b r i c a t i o n  an,d T e s t  
The d e t a i l s  of t h e  des ign  and c o n s t r u c t i o n  of t h e  s t a i n l e s s  s t ee l  cases and tops  
as w e l l  as g l a s s  t o  metal seals coated wi th  KOH r e s i s t a n t  polymeric materials 
f o r  t h e  r ec t angu la r ,  4 ampere hour cel ls  were given i n  t h e  1st Q Progress  Report. 
An examination of t h e  g l a s s  t o  metal seals coated with KOH r e s i s t a n t  Rura- 
f i l m  K as w e l l  as KEL F polymeric m a t e r i a l s ,  a f t e r  two hea t  s t e r i l i z a t i o n  cyc le s  
has ind ica t ed  t h a t  t h e  adherence of KEL F polymer coa t ing  i s  somewhat b e t t e r  
than  t h e  Durafilm K coa t ing .  Therefore  t h e  K e l  F coa t ing  i s  s e l e c t e d  f o r  t h e  
f i n a l  des ign  of t h e  ce l l s .  
C e l l  components ( p o s i t i v e  p l a t e  m a t e r i a l ,  nega t ive  p l a t e  material, s e p a r a t o r s ,  
l eads ,  e tc . )  f o r  approximately 300 rec t angu la r  ce l l s  have been rece ived .  
The e l e c t r o d e  s i z e s  are as fo l lows:  
P o s i t i v e  plates: 2.25" x 1.812"; ,025" nominal t h i ckness .  
Negative p l a t e s :  2.25" x 1.'812"; ,025'' nominal t h i ckness ,  
Number of plates  p e r  ce l l :  9 p o s i t i v e  p l a t e s  and 10 negat ive  plates.  
Some ce l l s  have been prepared w i t h  8 p o s i t i v e s  and 9 negat ives  and 
one c e l l  w i th  10 p o s i t i v e s  and 11 negat ives .  Nineteen p la te  cons t ruc-  
t i o n ,  which i s  t h e  s t anda rd  f o r  most r e c t a n g u l a r  product ion ce l l s  
appears  t o  g ive  optimum performance and is r e l a t i v e l y  easy t o  assemble 
compared t o  2 1  p l a t e  cons t ruc t ion .  Therefore  n ine t een  p l a t e  cons t ruc-  
t i o n  i s  adopted as t h e  s tandard(cont ro1)  c e l l  f o r  f u r t h e r  s t u d i e s .  
Cell F a b r i c a t i o n  Procedure 
Each c e l l  assembly f o r  t h e  product ion of r ec t angu la r  4 AH cel ls  used i n  
t h i s  program involves  t h e  fo l lowing  ope ra t ions :  
1. 
2. 
Prepa ra t ion  of t o p  cover assembly descr ibed  i n  t h e  1st Q Progress  Report .  
P r e p a r a t i o n  of two t e rmina l  sub assemblies  ( g l a s s  t o  metal seals) a l s o  
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4. 
5 .  
6.  
7 .  
8. 
9. 
10. 
11. 
12. 
13. 
14. 
1 5 .  
16. 
1 7 .  
18. 
19.  
20. 
21. 
22. 
The 
descr ibed  i n  t h e  1st Q Progress  Report ,  
Leak check f o r  each te rmina l .  
Welding t h e  te rmina l  sub assemblies  t o  t h e  t o p  cover.  
Leak checking t h e  t o p  assembly f o r  weld i n t e g r i t y .  
Coating the g l a s s  t o  metal seals wi th  thermal ly  s t a b l e ,  KOH resis- 
t a n t  polymer c o a t i n g  by a n  o u t s i d e  vendor. 
Cu t t ing  t h e  p o s i t i v e  and negat ive  p l a t e s  t o  s i z e ,  q u a l i t y  c o n t r o l  
checks f o r  bu r r s ,  l oose  wires e t c .  
Welding n i c k e l  t a b s  t o  p o s i t i v e  and negat ive  plates. 
Sepa ra to r  assembly (wrapping t h e  sepa ra to r  around each p o s i t i v e  and 
nega t ive  plate) 
Core compression under c o n t r o l l e d  cond i t ions  w 4 0 0  p s i a )  
Trimming the package and checking f o r  any p o s s i b l e  s h o r t  c i r c u i t s ,  
Welding the p o s i t i v e  and negat ive  t a b s  t o  t h e  cover  te rmina ls .  
Q.C, checking f o r  s h o r t  c i r c u i t s  i n  the c e l l  package. 
I n s e r t i n g  t h e  c e l l  package i n t o  t h e  s tee l  case ,  
Q.C. checking f o r  any p o s s i b l e  s h o r t  c i r c u i t s  i n  t h e  c e l l  package. 
Welding t h e  top  cover  t o  t h e  c a s e  . 
Q.C. checking f o r  any p o s s i b l e  s h o r t  c i r c u i t s  dur ing  welding. 
Q.C. checking f o r  weld i n t e g r i t y .  
E l e c t r o l y t e  a d d i t i o n  (predetermined f i l l  l e v e l ) .  
C e l l  r e s i s t a n c e  check. 
At taching  p res su re  r e l i e f  ven t  o r  p re s su re  gage as needed. 
Cells ready f o r  cond i t ion ing  and tests. 
tes t  procedure f o r  t h e s e  ce l l s  i s  descr ibed  i n  t h e  Task 1 under e l e c t r o -  
chemistry.  Approximately 100 of such r e c t a n g u l a r  cells are now under con- 
s t r u c t i o n  f o r  t h e  f i r s t  f a c t o r i a l  experiment.  
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Conclusions 
1. 
2. 
3 .  
4 .  
5. 
6. 
O p t i c a l  microscopic  s t u d i e s  of bo th  p o s i t i v e  and nega t ive  p l a t e s  
r e v e a l  t h a t  t h e r e  i s  no marked co r rqs ion  of t h e  n i c k e l  suppor t  
s t r u c t u r e  upon hea t  s t e r i l i z a t i o n .  
The c o l o r ,  shade and t e x t u r e  of t h e  p o s i t i v e  and negat ive  p l a t e s  
are  a l t e r e d  dur ing  h e a t  s t e r i l i z a t i o n .  
The po ros i ty  and pore s i z e  d i s t r i b u t i o n  of t h e  p o s i t i v e  ( n i c k e l  
oxide)  p l a t e  changes dur ing  h e a t  s t e r i l i z a t i o n .  This  may unfavor- 
a b l y  a f f e c t  t h e  e l e c t r o l y t e  d i s t r i b u t i o n  i n  t h e  ce l l  and r e s u l t  
i n  h igh  gas pressure dur ing  overcharge.  
X-ray d i f f r a c t i o n  d a t a  i n d i c a t e  t h a t  e i t h e r  morphological o r  
c r y s t a l l o g r a p h i c  changes occur  i n  t h e  nega t ive  (cadmium) e l e c t r o d e  
dur ing  hea t  s t e r i l i z a t i o n ,  
and may i m p a i r  t h e  e lec t rochemica l  e f f i c i e n c y  of t h i s  e l ec t rode .  
These e f f e c t s  are not  e a s i l y  reversed  
Both P e l l o n  polypropylene 14019 and FT 2140 s e p a r a t o r s  w i l l  be 
included i n  t h e  f a c t o r i a l  experiment owing t o  b e t t e r  uniformity 
of t h e  former and s u p e r i o r  s t r e n g t h  of t h e  l a t t e r .  
Seve ra l  s ea l ed ,  r ec t angu la r ,  4 Ah ce l l s  made wi th  t h e s e  s e p a r a t o r s  
have s u c c e s s f u l l y  passed two h e a t - s t e r i l i z a t i o n  cyc le s  and have 
de l ive red  over  70% of t h e i r  r a t e d  capac i ty .  However, t h e  charg ing  
mode of t h e  h e a t - s t e r i l i z e d  cells  need t o  b e  optimized t o  avoid 
excess ive  v o l t a g e  and p res su re  bui ldup,  p a r t i c u l a r l y  dur ing  t h e  
f i r s t  few p o s t - s t e r i l i z a t i o n  cyc les .  
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7. Glass t o  metal seals s p e c i a l l y  coated wi th  KOH r e s i s t a n t ,  thermal ly  
s t a b l e  KEL-F polymer s a t i s f a c t o r i l y  wi ths tand  hea t  s t e r i l i z a t i o n  
wi thout  leakage  and w i l l  be  used i n  a l l  f u r t h e r  i n v e s t i g a t i o n s  ' 
of hea t  s t e r i l i z a b l e  b a t t e r i e s .  
8. Important f a c t o r s ,  t o  be f u r t h e r  i n v e s t i g a t e d  i n  f a c t o r i a l  des ign  
experiment have been i d e n t i f i e d .  
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Conferences 
D r s .  Ralph Lutwack, A i j i  A .  Uchiyama and Gordon L. J u v i n a l l  from t h e  
Spacec ra f t  Power Sec t ion ,  J e t  P ropu l s ion  Labora tory ,  v i s i t e d  our  Research 
and Development L a b o r a t o r i e s  on F r iday ,  October 6 ,  1967. They reviewed 
t h e  c o n t r a c t  work as w e l l  as our  e l ec t rochemica l  tes t  fac i l i t i es  and 
Ni-Cd b a t t e r y  product ion  f a c i l i t i e s  i n  connec t ion  wi th  s p a c e c r a f t  
power requirements .  
D r .  Ralph Lutwack from t h e  J e t  P ropu l s ion  Laboratory v i s i t e d  the Research 
and Development f a c i l i t i e s  of Texas Ins t ruments  Incorpora ted ,  A t t l eboro ,  
Massachuse t t s ,  on December 13, 1967 t o  review t h e  progress  of t h e  
c o n t r a c t  work. 
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